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RESEARCH MEMCRANDUM

WIND-TUNNEL INVESTIGATION AT SUBSONIC AND SUPERSONIC SFEEDS
OF A MOLEL OF A TAIIIESS FIGHTER ATRPLANE EMPLOYING
A TOW-ASPECT-RATIO SWEPT-BACK WING —
STABILITY AND CONTROL

By Willard G. Smith
SUMMARY

This report presents the results of a wind—~tunnel Investigation of
the static stability and control characteristics of a model of a fighter
airplane employing a low-—aspect—ratio swept—back wing wilith tralling—
edge elevons, a swept~back vertical tail, but no horizontal tail. The
investigation was conducted over a Mach number range of 0.60 to 0.90
and 1.20 to 1,70, at constant Reynolds numbers of 2.0 million for the
stebility tests and 3.2 miillion for the control effectlveness tests.

All results are presented in tabular form and typicel data are pre—
sented in graphic form as well.

The results indicate that, for the test conditions at which the
investigation was conducted, the model, with elevans undeflected, was
longitudineglly and directionally stable, Sufficient control effective—~
ness was provided by the trailing—edge elevons to permit longltudinal
balance of the model to a 1lift coefficient of O.44 at a Mach number of
0.90, and to 1ift coefficients of 0.25 and C.11 at Mach numbers of 1.20
and 1,70, respectively. With the rudder deflected 8° and the model at
an angle of attack of -0.5°, the results indicate that the model will
have sufficient directional control to maintain sideslip angles of 3.6°
at 0.90 Mach mumber amd 2.3° at 1.40 Mach number.

INTRODUCTION

The stgbllity and control effectliveness characteristics of aircraft
Plying at high subsonic and supersonic speeds are of paramount impor—
tance in the design of present-day fighter sircraft. A wind—tunnel
investigation has recently been conducted in the Ames 6— by 6—foot

supersonic wind tummel to study the stability and control characteristics
of a particular high-speed fighter model.
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The model had a low-—aspect—ratio swept-back wing and & swept-back
vertical tail., Two wing plan forms (the basic wing with rounded tips
and a modified wing with triangular tips) were tested in the static
longitudinal stebility investigation. The model had no horizontal tail,
longitudinsl control belng obtained with tralling—edge elevons. The
control effectiveness for full-span constant—chord elevons on the basic—
ving model was investigated through a Mach number range of 0.60 to 1,70.
A 1imited study was also made of the effectiveness of elevons extending
over approximately the ocutboard half of the wing panels. Rudder effec—
tiveness was determined for the basic model at 0.90 and 1.40 Mach
numbers,

NOTATION

Force coefficients are referred to the wind axes. Moment coef-
ficlents are referred to the stability axes, with the origin on the
fuselage longitudinal axis at the lateral projection of the quarter-
chord point of the mean serodynamic chord. In those tests where
yvawing-moment coefficlents were not measured, rolling-moment coef-
ficients are referred to the fuselage longitudinel exis.

b wing span, feet
c 1ocal'wing chord measured parallel to wing plane of symmetry,
feet
_ b/écady
c wing mean ssrodynaemic chord sy feet
/=
[ Te dy
o
qa free—stresm dynamic pressure, pounds per square Ffoot
drag
CD drag coefficient (:155-
cr, 1ift coefficient -L%E)
o
Ce cross—wini—force coefficient <°r°ss“‘%ls3-‘;f°r°e)
c hi "y hinge moment
h nge-moment coefficlent o
8

=~ =~ .
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Cy rolling-moment coefficient ( rollingsiament )

@
Cm pitching—moment coefficient Pitchizgﬁpoment.>
Cn yawing-moment coefficient (yawingsgoment )

Cn_B rate of change of yawing—moment coefficient with angle of
sideslip, per degree

Clﬁ rate of change of rolling-moment coefficient with angle of
gldeslip, per degree
Crg rate of change of 11ft coefficient with elevon deflection,
e measured at zero elevon deflection, per degree
Czsa rate of change of rolling-—moment coefficient with elevon

deflection, measured at zero elevon deflection, per degree

C'm5 rate of change of pltching—moment coefficient with elevon

e deflection, measured at zero elevon deflection, per degree
Ce rate of change of cross—wind—force coefficient with rudder
Sz deflectlon, measured at zero rudder deflection, per degree
Cn‘ér rate of change of yawlng-moment coefficlent with rudder deflec—
tion, measured at zero rudder deflection, per degree
%i—l‘- slope of the 1lift curve measured st zero 1lift, per degree

i slope of the pitching—moment curve measured at zero 1ift

% 1ift-drag ratio
(IL maximm lift-drag ratio
D
max
M free—stream Mach number
Mg first moment of area of control surface aft of hinge line,
feet cubed
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Reynolds number based on wing mean asrodynemic chord

total proJjected wing area, including area formed by extending
leading and trailing edges to model plane of symmetry, a
square feet : '

spanwvise distence from plane of symmetry, feet

angle of attack of fuselage longitudinel axis, degrees

angle of sideslip of fuselage longitudinal axis, degrees

angle of deflection of control surface (angle between wing
chord or vertical-tail chord and control chord), measured

in a plane perpendicular to the control-surface hinge line,
degrees :

Subscripts

conbined irboard and outboard elevons

inboard elevon -
cutboard elevon

rudder

total differential elevon deflectlion, degrees

APPARATUS
Wind Tunnel and Equipment

This investigation was conducted in the Ames 6— by 6—foot super—

sonlc wind tunnel, This wind tunnel 1s a closed—throat, varisble—
pressure wind tumnel in which the staegnation pressure snd the Mach num—
ber can be continuously varied. The stagnation pressure can he varied
from 2 to 17 pounds per square inch absolute and the Mach number can be
varied from 0.60 to 0.90 eand from 1.15 to 2.00. Further information
regarding this wind tunnel is presented in reference 1.

The model wae mounted on a sting having a diameter which was

64 percent of the diameter of the base of the model. The sting support -
system allowed the model angle of attack to be varled continuocusly
from —12.5° to 22,.5°,

P e
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The aerodynamic forces and moments were measured by a four-
component electrical strain—gage balance ‘meunted in the body of the
model. The balance is similar to fthat used in reference 2. The
forces and moments were reglstered by recording—type galvanometers
calibrated by applying known loads to the balance.

i Model

A model of a high-speed fighter sirplane (fig. 1) having a low—
aspect—ratio, swept-back wing, swept—-back vertical tail, and no hori-—
zontal tail was used in this investigation. Provisions were made for
altering the plan form of the basic wing of the model by the additiom
of triangular wing tips. These extended tips had a constant section
thickness of 4.5 percent., A three-view drawing of the basic—ing model
and the model with the modified wing is shown 1n figure 2.

The basic wing had a modified trapezoidal plan form with a 52.5°
leading—edge sweep angle and & taper ratio of 0.332. The modification
consisted of rournding the wing tips to falr into the leeding and treil-
ing edges (see fig. 3). The wing was composed of symmetricsl sections
having a thickness of T.0 percent of the chord (streamwise)} at the wing
root and tapering to 4.5 percent of the chord (streamwise) at the theo—
retical tip. (See t&ble I for wing-section coordinates.) These sec—
tions were modifled somewhat to fair into the tralling—edge elsvons
which were flat slded.

The movable control gurfaces on the model consisted of constant—
chord trailing—edge elevons, each divided into two spenwise segments,
end a constant—percent—chord rudder (figs. 3 and 4). The control sur—
faces on one wing pamnel and the rudder were restrained by beams fitted
with electrical strain gages for measuring the control hinge moments.

The model was fitted with inlets housed 1n wing—body falrings with
internal ducts allowing the air to flow through and exhsust at the rear
of the fuselage. In this Investigation, the mass flow of air through
the ducts was not adjustable; however, the ducts were counstructed so
that at supersonic speed the exlt was choked, limiting the inlet Mach
number to 0.4,

In order to accommoigte the annmular duct exit amd the mounting
sting, the boattalling on the model was somewhat less than would be
expected on a full-scale sirplene.

A conventional canopy was used on the model with & dorsal £in
extending from the canopy to the leading edge of the vertical tail,
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Provisions were made for testing the model without the vertical tail
but with the dorsal fin falred into the body. Table II presents the
coordinates for the vertical—tall sectioms.

TESTS AND FROCEDURE

The aerodynemic characteristics of both the basic—wing snd modified—

"wing models were determined with control surfaces undeflected. TLift,
drag, pitching-moment, and rolling-moment data were obtained through an
angle—of—attack range of approximately —3° to +12° at Mach nunmbers of
0.60, 0,80, 0.90, 1.20, 1.35, and 1.70. Tests of both models were con—
ducted at a constant Reynclds number of 2.0 million based on the mean
aerodynamic chord of the basic wing (1.8 million based on the mesn aero—
dynamic chord of the modified wing).t In the longitudinal stability
phase of the investigation, the model was mounted with the wings verti-—-
cel in the wind tunnel to utilize the most favorable stream conditions
(reference 1).

The longitudinel control effectiveness of the elevons was investi-—
gated for the basic-—wing configuration only. Tests of the model were
conducted with the elevons on the right wing panel deflected. Incre—
ments of 1ift, drag, and pitching moment due to control deflection on
the one wing panel were doubled and sdded to the corresponding values
for the model with undeflected controls., In this manner pitching—

" moment and rolling-moment data were obtained simultaneously, thus reduc—
ing the number of tests required., The validlty of this procedure was
checked by testing the model through the speed range of the investiga—
tion with the elevons on both wing panels deflected. Results of these
two methods were in excellent agreement., With the combined inboard and
outboard elevons deflected through & range of 39 to —20°, lift, drag,
pitching-moment, rolling-moment, and hinge-mcoment data were obtained for
an angle—of—attack range of approximately —3° to 12° at Mach numbers

of 0.60, 0.80, 0.90, 1.20, 1.35, and 1.70 and a constent Reyriolds num—
ber of 3.2 million. Similar data were cbtained at Mach numbers of 0.90
and 1,20 with the outboard control surface alone deflected through a
range of 0° to 15°,

lThe results of preliminary tests of the basic—wing model at Reynolds
numbers of 1,0 to 4,0 million at supersonic speeds and 2.0 and 3.2
million at subsonic speeds indlcate that, within this range, Reynolds
number varlation had no significant effect on the aerodynamic charac—
teristics of the model with controls undeflected. The effects of
Reynolds number varlation on elevon and rudder effectiveness, however,
were not investlgated.

...
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The lateral stability characteristles and rudder effectliveness of
the basic—wing model were investlgated with the elevons undeflected.
The mcdel was mounted with the wlngs horizontal in the tunnel, and the
angle of sideslip was varied at preset angles of attack., With the rud—
der deflected through & range of 0° to 8%, cross—wind—force, yawing—
moment, rolling-moment,end rudder hinge-moment data were obtained through
an angle-of-sideslip range of 5° to —H° at —0.5°, 5.1°, and 10.5° angles
of attack. Corresponding data were cobtalned under similar test condi-—
tions for the model with the vertical tall removed. The lateral stasbil—
ity end rudder effectiveness phase of the investigation was conducted
8t Mach numbers of 0,90 and 1,40 and at a constant Reynolds number of
3.2 million.

A tebulation of the test conditions is presented in table III.
Reduction of Data

The test data have been reduced to the standard NACA coefficient
form based on the total projected wing area of the eppropriaste model
configuration, Inciuding the area in the reglon formed by extending the
leading and trailing edges to the plane of symmetry. Factors which
could affect the accuracy of these results and the correctioms applied
are discussed in the following paragraphs.

Angles of attack and sideslip.— The determination of the actual
angles of attack or sideslip of the model under load required that
several corrections (determined from static calibrations) be applied to
the nominal sngle, Corrections of from 5 to 10 percent of the nominsl
angle were applied for the angular deflection of the sting and balance
under serodynemic load and for the angular movement due to structursal
clearances in the model support snd belance.

Control—surf ec — A correction was applied to the
nomingl control-surface deflection angle for the deflection unier load
as determined from the static calibrations. The maximum correction
amounted to gbout 3 percent of the nominal deflection angle, The
results presented hereln sre for the corrected control deflection angles
except in the figure showing variation of lateral stsbility characteris—
tilcs with sideslip angle at various nomingl rudder deflectlion angles.

Tunnel-wall interference.— Corrections to the data for the effects
of the tunnel walls at subsonlic speeds were made by the method of refer—
ence 3. The reflected bow wave did not intersect the model and so no
corrections were made at supersonic Mach numbers, These corrections,
which were added to the data, were as follows:
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ACp = 0.0066 C12

At subsonlic speeds the effects of constriction of the flow due to
the presence of the model were taken into account by the method of
reference 4. This correction was calculated for cornditions at zero
engle of attack and was applied through the angle—of—attack range. At
a Mach number of 0,90, this correction amounted to a l—percent increase
in Mach number and dynamic pressure over that determined from a calibra—
tion of the wind tunnel without a model in place.

Support interference.— The effects of support interference were
belleved to consist primarily of a change of pressure at the base of
the model. A base—pressure correction was applied to adjust the pres—
sure at the base of the model to free-—stream statlc pressure. The base
area used in this correction was the entire base area less the duct
exit area. Drag values are, therefore, forebody drag coefficients., It
was assumed, on the basis of informstion contained in reference 5, that
the effect of sting—body interference on the forebody drag wase negligible.

Stream verjatlons.— Tests of the model were made at subsonic and
supersonic speeds, in upright and inverted attitudes. Results of these
tests showed no measurable effects of stream angle or siream curvaeture
in the horizontal plane of the wind tunnel, Stream surveys conducted
in the Ames 6— by 6—foot supersonic wind tunnel (reference 1) show some
. curvature in the vertical plane of the wind tunnel, but the results of
a previous investigation (reference 6) indicate that this curvature had
little effect on the longitudinal stgbilliiy characterlstics of the model
when pitched in the horizontal plane. For the lateral stability tests,
the model was mounted with its wings horizontal so that it yawed in the
plane of least stream curvature. No asttempt was made to determine the
effects of the streem—angle varlation in the vertlcal plane of the wind
tunnel on the lateral directional data, The data obtalned showed a small
effect of stream angle on the rolling moment due to sideslip and no
effect on the yawing moment due to sideslip.

Internal duct dreg.— The model was equipped with twin ducts through
which air could flow. However, provisions were not made to vary the
mass flow, so a study of the duct drag characteristics was not feasible
in this investigation. The drag data presented herein are for the com—
plete model; that is, the drag due to flow through the ducts has not
been subtracted from the final coefficients.

T
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Precision of Data

The accuracy of the test results, excluding stream effects, is
shown by the repeatabllity of the data in those cases where test condi—
tions were duplicated in several tests., An interim of three months
elapsed between tests during which the model ard balance were disas—
sembled. The effects of changes in clearance or alinement in the model
and balance determine to a large extent the precision of these data.
Exzemination of the results showed the data to be repeateble within the
accuracy shown in the following table:

Accuracy
Quantity CL =0 Cy, = 0.k
Cp £0.001 +0,002
Cy, *,003 £,005
Cm £,001 +.001
Cy £, 0007 *,0017
Cn t o001 +,001
Ce *,003 +.005
Ch *.008 +,.013
M +.03 +.03
R £,03 X 10 +.03 x 108
a +.10 +.15
) +.,25 +.35

RESULTS AND DISCUSSION

All the results of the lnvestlgation are contained in teble IV,
Brief discussions are presented of the longitudinal stability charac—
teristics, the longitudinal control effectiveness, and the lateral
stgbllity characteristics and rudder effectiveness in the following
paragraphs. Typical data, pertinent to the discusgsion, are presented
in the figures.

Longitudinal stability characteristics.— Lift coefficlent as a
function of angle of attack, and the variation of drag and pitching-—-
moment coefficients with 1ift coefficient are presented 1n figure 5
for the basic—wing and modilified—wing configurations with elevons unde—
flected at Mech mmmbers of 0.90, 1.20, and 1.70. Both configurations
were longitudinelly stdble up to a 1ift coefficient of 0.5 throughout
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the Mach number range of the investigation. The variation of pitching—
moment coefficlient with 1ift coefficlent for the basic—wing model

(fig. 5), although linear et 1,70 Mach number, exhibited a slight non—
linearity at 1.20 Mach number, asnd was markedly nonlinear at a Mach num—
ber of 0.90. The stability of -the baslc-wing model (dcm/ch) increased
from 0.0k at zero lift coefficlent to 0.16 at a 1ift coefficient of 0.30
at a Mach number of 0.90. With the addition of triangular wing tips
(modified wing), the stability remained nearly constent with increasing
1ift coefficlent up to a 1ift coefficient of 0.30 at a Mach number of
0.90, Thus this increase in stablility wlith increasing 1lift coefficlent
for the basic—wing model sppesars to be a plan form effect. Thls ocbser—
vation is substantiated by comparison of the results of an investiga—
tion of the plitching-moment characteristics of a plane trianguler wing
of aspect ratio 4 (reference 7) with the results of a later investiga—
tion (as yet unpublished) of the same wing with the tips cut off.

A summary of the aerodynamic characteristics of the two configure—
tions, as a function of Mach number, is shown in figure 6. The differ—
ence in static margin at zero 1lift shown by the two plan forms of this
investigation (fig. 6) decreased with increasing supersonic Mach numbers,
It is evident from examination of figures 5 and 6 that the basic—wing
model exhibited a greater change of stability with lincreasing 11ift
coefficient at subsonic speeds and a grester change of stability (at
zero 1ift) with Mach nuwber than did the modified-wing model.

Longitudinal control effectiveness.— The longitudinal control
effectiveness investlgation was conducted for the baslc—wing configura—
tion with the control surfaces shown in figure 3. As noted previously,
the control surfaces on only one wing panel were deflected and the
increments of 1lift, drag, and pitching moment due to the control deflec—
tion were doubled.

The relationships of 1ift coefficients to angle of attack, control-—
surface deflection, and drag coefficient for the alrplane balanced with
the combined control surfaces and with the ocutboard elevons alone are
shown in figure 7, These data indicate that, for the elevon deflection
range of this investlgatlon, the comblned elevons would be capable of
balancing the airplane {(center of gravity at 0.25 €) to a 1lift coeffi-
cient of 0.4k at a Mach number of 0.90, and to 1lift coefficients of 0.25
and 0.1]1 at Mach numbers of 1.20 and 1.70, respectively.

A limited study of the control characteristics with only the out—
board elevons deflected shows that these elevons will balance the model
to 1iPt coefficients of 0.31 and 0.14 at Mach numbers of 0.90 and 1.20,
respectively, but at the cost of considerably greater control deflec—
tions and conmsequently higher drag than with the combined control

surfaces,



: : :. : L [ ] : [ ] % © [ ] L ]
® e @ o8 [ ] [ ] [ ] [ X ] e [ ] L X X | [ 4 eee [ ] [ ]
NACA RM A52730%¢.° § & *ue. (4NNEDMNDONEER..* 0. 0 ol lel lt 11

Examination of figure T reveals a decrease in the rate of change
of balance 1ift coefficient with control deflection at 0,90 Mach mumber
for both the combined elevons and the outboard elevons beginning at a
1ift coefficient of about 0.10. This apparent decrease in effective—
ness colncides with the increase in stabllity with increasing 1lift coef-—-
ficlent discussed previously, and so appears to be the result of the
inherent stability characteristics of the wing. Similar grajual
decreases in control effectiveness at 1.20 and 1,70 Mach nmumbers are
also presumed to be due to the increases in stability with 1ift cosffi-—
cient, The varlations with Mach number of elevon 1lift, pitching-moment,
and rolling-moment effectiveness for the combined elevons deflected are
presented in flgure 8. It should be noted that the values of rolling—
moment effectiveness shown are those for the elevon deflected on one
wing only, while the 1ift and pltching—moment effectiveness values are
for deflection of the elevon on both wings.

The stick—free stgbility of the alrplane at 0.90 and 1.20 Mach
numbers is illustirated in figure 9 for the combined elevons free and for
only the outboard elevons free. The stick—flxed stability curves, for
the model with elevons fixed &t zero deflection, are also shown for com—
parison. It is of iInterest to note that for a Mach number of 0.90, the
model exhibited a greater stebility stick free than stick fixed, below
a 11ift coefficient of 0.10, An explanation for this greater stebility
at low 1ift coefficients with the elevons free can be found in the tabu—
lated hinge-moment data (teble IV) which show that the elevons float
downward with increasing angle of attack for angles of attack up to 8°.
The stick—free neutral points for the mocdel with the combined elevons
Pree are located at 32 and Ll percent of the mean serodynamic chord at
Mach numbers of 0.90 and 1.20, respectively. With the inboard elevons
fixed and outbosrd elevons free, the neutral points are at 33 and 42 per—
cent of the mean serodynamic chord st Mach numbers of 0.90 end 1.20,
respectively. '

Lateral stability characteristics and rudder effectiveness.— The

variations of rolling-moment, yawing-moment, and cross—wind—force coef—
ficients with sideslip angle for the basic—wing model with zero elevon
deflection at 0.90 and 1.40 Mach number are shown in figure 10 for
angles of attack of —0.5° and 5.1°. Also shown in figure 10 are data
for an sngle of attack of 10.5° obtalned at Mach numbers of 0.80

and 1.40, Since the data in figure 10 revealed nonlinearities in the
variations of yawing—moment and rolling-moment coefficients with side—
slip angle, the varlations of lateral stability characteristics with
engle of asttack (fig. 11) are presented for both zero sideslip and a
sideslip angle of 2°, Examination of figures 10 and 11 imdicates that
the model was directionally stable through the angle—of—attack and
angle—of—sideslip ranges of the investigation ani exhibited a positive
dihedreal effect at the positive angles of attack.

R
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The effectiveness of the rudder in directionally controlling the
model was investigated for the same range of test conditions as were
the lateral stability characteristics of the model with controls unde—
flected. Cross—wind—force, yawing—moment, rolling-moment, and rudder—
hinge-moment data were obtained at rudder deflections of 0° to 8° and
with the vertical talil removed. Results of these tests, with the excep-—
tion of rudder-hinge-moment dasta, are shown in figure 10 only for the
model with O° and 8° of rudder deflection since the variations of lat—
eral stabllity characteristics with rudder deflection angle were found
to be linear for the range of rudder deflections tested. The model was
capable of maintaining sldeslip angles of 3.6° and 2,.3° at 0.90 and 1.4%0
Mach numbers, respectively, with the rudder deflected 8% at an angle of
attack of —0.5°, The variation of rudder effectiveness with angle of
attack is shown In figure 12,

The variation of elevon—rolling-moment effectliveness with sideslip
angle was not investigated. However, a comperison of the maximum
recorded rolling moment due to combined angles of attack and sideslip
with the elevon—rolling-moment effectiveness obtalned at zerc sideslip
provides some indication of the ability of the elevons to balance the
model in roll at angles of sideslip. It will be noted, from the data
presented In figure 10, that the maximum rolling moments obtalined for
the model with control surfaces undeflected occurred at an angle of
gsideslip of 5° and a nominal angle of attack of 5° for both 0.90 and 1.40
Mach numbers. By comparlison of these values of rolling—moment coeffi-—
cient with the data presented in table IV, for the elevon—rolling-moment
effectiveness at zero sideslip angle, 1t is apparent that these rolling—
moment coefficlents are of spproximetely the same magnlitude as those
.produced by a 9° total differential deflection of the combined elevons
at 5° angle of attack at a Mach number of 0,90, and a 14° total differ—
ential elevon deflection at 5° angle of attack at a Mach number of 1,kO,

CONCLUSIONS

A brief analysis of the results of this investigation indicated
that the followlng ocbservations are worthy of note:

1. Both the basic—wing (rounded wing tips) and the modified—wing
(triangular wing tips) models with elevons undeflected were longitudi—
nally stable, through the Mach number reange for which data were obtalned,
to 11ft coefficlents beyond those to which the elevons were capable of
balancing the basic—wing model at the maximum elevon deflectioms
considered.
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2. The modified—wing model (triangular wing tips) exhibited a
smaller change of stabllity with lncreasing 1ift coefficlent and with
increasing Mach mmber than did the basic-wing model.

3. At the maximm elevon deflection angles for which data were
obtained, the coibined elevons provided sufficient longltudinal control
to balance the airplane to a 1lift coefficient of O0.4% at & Mach pumber
of 0,90, and to 1ift coefficients of 0.25 and 0.11 at Mach numbers of
1.20 and 1.70, respectively. With only the outboard elevons deflected,
the longitudinal control was somewhat less, but would te sufficient to
balance the model to 1ift coefficients of 0.31 and 0.1k at Mach numbers
of 0,90 and 1.20, respectively.

4, The basic—wing model was laterally and directionally stable
through a nominal angle—of—attack range of 0° to 10° at Mach numbers
of 0.90 and 1,40,

5. The model was capable of maintaining sideslip angles of 3.6°
and 2.3° at Mach numbers of 0.90 and 1,40, respectively, with the rudder
deflected 8° and at a —0.5° angle of attack.

Ames Aeronsautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif.
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TABLE I.~ WING SECTION COORDINATES
[Coordinates given in pércent of lccal chord, measured parallel
to plane of gymmetry]
Wing-root section Wing-tip sectiono
NACA 0007-63/30-9.5° mod. NACA 000%.5-63/30-6.6" mod.
Station| Ordinate |l Station| Ordinate Station | Ordinate || Station{ Ordinate
o} 0 k2,5 17" 3.b52 o} 0 k2,5 2.250
.1 .325 L5, 3.k21 -1 .209 L5
-2 158 k7.5 3.378 .2 294 k7.5
L 643 50 3.32h A 413 50
-6 784 52.5 3.258 .6 .50k 52.5
-8 .901 55 3.178 .8 .579 55
1.0 1.003 57.5 3.08k4 1 .6L5 57.5
1.2 1.095 60 2,978 1.2 . TOh 60 \l‘
1.6 1.255 62.5 2.857 1.6 .807 62.5 2,23k
2 1,394 65 2.723 2 .896 65 2,189
2.5 1.547 67.5 2.576 2.5 .99k 67.5 2.122
3 1,681 70 2.kt 3 1.081 TO 2.03k
L 1.91k 72.5 2.2hk7 b 1.230 T2.5 1.930
5 2.110 75 2,067 5 1.356 5. 1.811
T.5 2. hok TT7.5 1.877 T.5 1,604 7.5 1.679
10 2,779 8o 1.681 10 1.786 8o 1.536
12.5 2.99% 82.5 1.478 12.5 1.925 82.5 1.383
is. 3.158 85 1.272 15 2.030 85 1.220
17.5 3.281 87.5 1.065 i7.5 2.109 87.5 1,048
20. 3.371 90 .858 20. 2.167 11 90 .869
22.5 3.433 92.5 .650 22.5 2.207 92.5 .683
22. 3.k72 95 k3 25 2.232 95 493
27.5 3.kok 97.5 .236 27.5 2.2k6 97.5 292
30 3.500 100 o) 30. 2.250 100 o
32.5 3.499 32.5
35 3.496 35
37.5 3.489 37.5
ko 3.475 Lo
L.B. radius: 0.539 percent chord L.E. radius: 0.223 percent chord
T.E. radius: 0.032 percent chord T.E., radius: 0.095 percent chord



TABLE IT.- VERTICAL TATL SECTION COORDINATES

[Coordinates.given in percent of local chord, measured
parallel to the fuselage longitudinal exis]

Root section Tip section
NACA 0008-63/30-9° NACA 0006-63/30-6°45¢
Station Jrdinate Station Ordinate
0.l Q.371 0.1 0.279
.2 523 .2 392
b .T35 L .551
.6 .895 .6 672
.8 1.029 .8 LTT2
1.0 1.1k6 1.0 . 860
2 1.593 2 1.195
3 1.922 3 1.4k
L 2.187 L 1,641
5 2.1 5 1.808
10 3.176° 10 2.38
i5 3.609 15 2,707
20 3.852 20 2.889
25 3.969 25 2.976
30 h.ogo 30 3.000
35 3.961 35 2,992
Lo 3.916 Lo 2.960
50 3.800 45 2.893
5 3.627 50 2,78k
60 3.399 55 2.630
65 3.118 60 2.431
70 2,790 65 2.192
H.L. 75 2,426 70 1.921
99.923 2,039 H.L. 75 1,631
100 077 99.833 167
0 100 } 0
L.E. radius: 0.T7Ok percent L.E. radius: 0.396 percent
chord; rudder has flat sides chord
T.E. radius: 0.077 percent T.E. radius: 0.167 percent
chord . chord

.ll.l.lllll;--'
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TABLE IIT.- TEST CONDITIONS
[B, basic model; A, triangular wing tip; e4, inboard elevons;
€p, outboard elevon; V, vertical tail; r, rudder]

ese Gee 205 2009 S0¢ SaSS w0
* L d [ L ] [ ]

LR X :Q.. :'C.l?’

- Reynolds No. | Configuration 5
Tegt No.| Mach No. (million) of model Sei e O
1 0.6 2.0 B 0 ¢ 0
2 8
3 9
y 1.2
5 1.35
6 1.7 v v
7 .6 1.8 B+A
8 .8
9 -9
10 1.2
1 1.35
12 1.7 L 2 \L
13 .6 3.2 B
ik 8
15 .9
16 1.2
17 1.35
18 1.7 v | v
19 .6 -20 | -20
20 .8
21 e
22 . l.2
23 1.35
24 1.7 v : 4
25 .56 =151} ~15
26 .8
27 .9
28 1.2
29 1.35
30 1.7 v v
31 -6 "8 "8
32 .8
33 <9
34 1.2
35 1.35
36 1.7 viwv
37 .6 3| -3
38 .8
39 -9
Lo 1.2
hy 1.35
Lo 1.7 v] v
k3 .6 v v 0 ol ¥
o
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PABLE III.- CONCLUDED

Reynolds No. | Configuration

Test No. | Mach No« | * 1 111110n) of model | 0ei |Peo]®r
Ly 0.8 - 3.2 B 0 of o
45 .9
tb 1.2
hg %:%5 v | W
Ly b 3 3
50 .8
51 «9
52 1.2
53 1.35
54 1.7 v |V
55 <9 o |-15
56 1.2 <15
ST «9 -8
56 1.2 -8
59 9 -3
60 1.2 -3
61 .9 0
62 1.k \L
63 .9 2
64 1.4 2
65 .9 4
66 T.h 4
67 .9 6
68 1.4 6
69 .9 8
T0 1.k v 8
71 .9 B-V -
T2 1.4 B~V -
73 .9 B 0
Th 1.k 0
5 9 L
76 1ob 4
T7 .9 8
78 1.4 8
TS .9 B-V --
80 1.k B-V -
81 .8 B 0
82 1.4 0
83 .8 4
84 1.k - i
85 .8 8
86 1.h 8
87 .8 B-Y -
88 1.4 ¥ B-V vid |-

*::352;;7
K.



TABLE IV.~ AFRODYNAMIC CHARACTERISTICS OF A MODEL OF
A HIGH-SPEED, TAILLESS FIGHTER ATRPLANE
(a) Tests 1 through 9

2
=
:
%
:

o (% |G | G |LPPI e [ G (% |G [C |UPRIE oo o Joa [ e [
+0.14610.0139] 0.004] -0.0015| —===ll L4 |-3.18]-0.180 0.0b%2 7 | -3.23|=0,203}0.0157f 0.0313] ~0. r———
~.0k9| .0097|0 =10012] mmmam -1.07| -.062 .0370 =1.08] =.07h| 0104 .0128| -. -
-.027| .0093|0 S« o1 K| po— -.53] -.032] ".0363 ~.53| -.040] 0097 .0078| ~.0020] wnmm stsse
025| .0090|-.003| ~.0010] 2.78 Shi o .o29[ .0360 53] .031 .0090] ~.00mL] -.0027] 3.h .
1,06 .o45| .0092(-.004] -.0012| %89 1.06| .051] .036% 1.05 .os4} 009 -.0085| -.0028] 5.75 *esan
a.12| .006) .0107|-.006] -.0012] B.97 2.13( .12 .02? 2.8 ,128| .0109]-.0208] -.002%11.75,
b,23| 199 .paT1{-.012| -.0012|11.6L L.ok| .oho| k,30] .265] .omenl-.0k02| -.0019]11.77 | seeee
6.39 ﬁg .030%4]-.02af ~.0018{10.k0 6.33| .37 0707 6.k3] . «0371] -.0596| - 10,67 .
8.h8| . . ~.034| ~-.0003| T.9% 8,421 k88| .1006 8.54] .m09¢ .0622-.0624] -.c012 B.18 sonee
10.%9( .6 .0907|-.0k6[ -.0012( 6.13 lo.50( .%oM 1370 w.60| . IE »1088] -.08L7] -.0009 6.10 sae
1e.To] .65 .1322(-.054 -.0012] L.96 12.%9| 671 173 12.80| .7h2{ .1518)-.06%0 -.001:7 k.09 $
[ ]
=3.16] =.162| 0154 .005| -.00L4| ~m=am 5 {-3.17] -.1%0] .okme 8 |-3.28] -.224] 0178} .037k| -.0020]-rww- sses
-1.06| -.0%5| .0103{0 s o3 £-] po— -1.05] -.052] .037H| . ~1.10| -.080] .010%| .0143] ~.002T|=wwm—s
=.53| ~.031| .0098|0 =, 0011] ~=mmer -35] - .0366] . -.gz ~.0ha| 0095 .0092| -.0027)-~=---
a3 028 .0092|-.002| -.0009| 2.72 41 .030| .0367]- . 032| .0c092|~-.0057| -.0029| 3.8
1.08] .ob8| .0097]-.003] -.0009] b.k3 1.05] .obg| .037L|-. 1.08| .0n8| .0099|-.0098] -.0027| .86 eoes
21| .099| .0115[~.006| -.0013} 8.61 2. .07 .0395(-. 2.17( J137| .o1p0]-.02h7| -.0022|Ll.k2
| .26] .0190|~.014| -.001b|11.37 hea| .2a7| 0501 k.38 .0239| - .0467] -.0008]12.10 reet
6.3 m 0378]-.026] -.0015| 9.02 6.30| .332| 069" 6.3 .425] .obn6]-.0%84 -.0008 9-32 .
8.%0| . 0673|~.039| -.0009] 6.86 8.38] .Wh3] .0973 8.65] .m2| . -.0748| -.po10| 6.9 b
10.%9| 50| .1086(-.093| ~.0006 E.sh 1056 | M L1312 10.79] .667| .12h1]-.0002] -.0007] %.38 .
12.5%| .666| .1mu2k|-.062| ~.0005] k.37 12,83 .634| .170h 12.90| .736| .1686]-.0737| ~.c010] h.36 .
. ®
-3.27] ~.182( .0072| .00G| ~.001f5|====- 6 |-3.18]-.30 . 9 |-3.14| -.295| .0201] .0hBB| ~.0020|~mu-- * .
-1.09| ~.062| .0109| .001] =.0013]=ua-m w105 | -, .0358 =93] -.09%| .0108| .0191] -,0025|-rw=m |: .
5G] w034 . 0 = 0012] =cumrm 83| -.021] J0395) . -.561 ~.05| .0100] .0L31| ~.0006]-mn-we |+ seoee
5k .024] .0092]|-.001] ~.0010| 2.6% .35| .o25| .0393(-. Skl .033] .0096{=.005T] ~.0027] 3.3k |’ . .
2.3 Jdo7] Wo122]-.005] -.0018 8.78 1.0k | .oWY] .03%6 1.07] .081| .0103|=.0111] ~.Q023| B.72 sepas
k, 20| J0221]~.0LT| -.0016|10.85 2.084 .087| .037T 2.21 .152 0136 «.0305] ~.0028]11.Lk0 Y -
6.50] .387| .ohb1]~-.cho| -.0013| B.40 bat]| .177] .Ohsk h39] .30k] J02T2]-.0959] ~,001B]11.58 4a .
8.63 % 0781 . -.oooE 6.28 6.24] .263) .0615 6.57| .h6k] .0551]w.0730] ~.0019]| B.k2 .
0.7 . J1140[ - .047| ~.00L4 kB2 8.3 E;E 0828 8.71| .572] .0902]-.0799] 0009, 6.3ﬂ essns
m.ﬂ . 1089 s o
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TABLE TV.~ CONTINUED
(b) Tests 10 through 18

Teat " cL L/D Test| ¢ CL, c L/r Test| o O c; L

%o. ¥o. o,

10 | -2.58|-0.218}0.0435 =1 13 | 1L.c8] 0.008 -0.0010| k.¥S|| 16 [-6.5¢ 0.0821 | 0.0002|-—--
~.88} -.07k —_— 2,161 .09 -.0008 8.12 S5 -.0015 | -,0003] 0.6T
~.3%| -.036 —— 4.33] 207 -.0007|11.39 1.10 -.0066 | -.0002| 1,%
A3 .032 .97 6.9 .35 o 9.91 2,80 ~,0182 | ~.0003| 3.07
1.06( 0% 1.7 8.65( ko L0004 | 7.81 g.-s-r Ok | ~.0006] 4.98
193] .134 3.70 10.83] .566 .0007| 6.03 .5k -.07%0 | =.0002] 5.32
o3| 219 3,76 12,99 .679) 1396 | ~.0567| =vemn 4,86 8.65 -.038{ .0008| k.51
62| k2 5.92 15.00] .47 . -.0004| 3.59 10.84 10658 | .o010] k.35
8.20| .5 5.38 &1-22 A =.00021 3.3k 12,98 -.1333 | .co62| 3.8%
10.30{ .5%8 h.69 9.30( A7 . ——— 2,90

1 | -e.o7| -8y o rm33 Q98] . wemee] 298] 17 | -b0 0058 | =+0008} -—van
297/ - mee -1.07 01181 -.0008] ----
—-BT --wl ——— lh "055 -.OP.'L » --mlﬂ rem—— _3_21} 0353 _.m ———
-3 -,029 —— -1,10| -.0A7 - 0010 | ammmm -6,k . «0003] -
230 032 .96 ~3.38 | -/162 = DO e, .56 0029 1 - 5
1.06| 056 1,65 6| .35 = QO | =rmree— 1.10 ~0083 | -.p012( 1.M8
1-9"1- 121 3-? nﬁh- .0@ -cm 2.02 2.20 _.m _mls E.BB
h.o2| .2k . 5.16 1.10| .o49 -.0007] k.31 b3k B e
6.10( 367 5.5 2.21] .106 -.0003| 8.19 6.4 ~.07% | -.0007| &.90
8.17 .l.B:l7 .02 Lh2| .2e4 --000%|10.8% 8.68 ~.1013 (0 h g2
10,25 582 h. b 6.63] .3%5 -000k| 8.8k 10.76 «12% | 0009 k3T
12,32} 675 . 3.98 !22 ggg OODUE g% Jf.,glg -.1486 | .0ocB) 3.72

. X - . 1A. - . R

12 | -2.06( ko — 13.16] .677| 1598 | -.0595| -mm-- ey 1661 poro) 3.33
~1.0%) -085] .03k L0096 | -.0010 | —mwem 15.27| .7 «Dool 3. -5 0007 | =.D00F] mmme
-2 .00 — , -1.06 0060 | -.0007| ——--
.35 .CEG -76 15 -.ﬁ - 025 =000 |-==ur -3.21_: L2577 _m ——
Ba] .ok2 1,22 =Ll 0 [ wm=rm [+ - u— -6.38 060 0005 | ——e
1.91| .082 2.; ~3.371 =184 -.% — .53 E -<010| .8
3.” -l& b.18 -6.7”- --u, - ——— 1.07 .Ok: N ~.012¢] - oa11 1.23
6.0 -m h-& B2 033 . —-DWB 3-18 2,15 092 __oeﬁ -.0013 2'3
8,11| .35 k.50 L .om -.0008| h.43 L2g] am ~.0kk5'| -.0017] 3.7%
10.16| .MA3 k156 2,24 113 -.0010} 8.35 6.£ 269 06% | -.0020| k.25
12,02 %586 3.78 BAT| .2k ~.0009 |10.38 8. .362 0980 | -.o022| L.1B

6.72) .ko& .0003] 8,1k 10.% ) k] . -.109% | ~.0033] 3.89

13 | ~.53| -.018 - g.90| .23 -0013| 6.0k 1.7 5oL H{ ~.1272 | -.002%| 3.%
«1.087 .03 o ol =89 . ~.1kh3 | <0009 3.2
3| —| = 5l - i) ol = |-l 2
53] 2 2,10 3,26 ..178 0001 | oT| 6% 172k | -.0086| 2.76
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TABLE IV.- CONTINUED
(c) Tests 19 through 27

Test
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TABLE IV.- CONTINUED

n
(d) Tests 28 through 36 o
..‘..
™ :.l.:
est| o c 8 C
& e B Sey | Beg | ®ny | o [l mo. G [ % | % 2 ! o | Chy | Ohg s . E
1.11 0.0193 [0,0110 -1k, 38(~13.92(0.2821 0.3358] 32 | 4.80|0.184{0.0203|0.0080{0.0080 | -7.87( -7.85{0.0715 0.0%6h -
2,22 ,0068] .010%]|-18.42|-13.97| .2648| .3222 6.60| .308] .0358[-.0037| .0090| -7.88| -7.88] .06k0| .okkg . N
L.38 -.0182| .0101|-1k.B8[-1k.03( .2388| .3005 8.81| .hh1} .0678|-.0205| .0087 | -7.90| -7.96] .0552| 0159 seseae
6.5% -.0ho8| .on02|-1k.50{-1k.13| .22%0] .2702 10.99| .549] .1086(-.0328| .0093 | -7.91| -8.11| .0k81|-.0%33 . ®
8.70 -.0800| .0105(-2h.52|-1k.k3| .2198] .1760 13.14| .632| .ihg7,-.0370 0113| -7.98( -B.11( .0095|-.0419 .
1p.8% -.1040 | 0098 |-1k.5%|-1k,70{ .2069] .0919 15.26| .697| -1977|-.04k7| .0100| -8.03] -8.08|-.0226|-.0530 -
17.35| .753| -2h82(-.0537| -0093| -8.07| -8.06|-.0451|-.0248 sanee
1.1 .0126 | .0079 |-14.42[-13.96| 2558 .3106 : , . .
2.20 L0010 | L0075 =1k bh[-13.9TL 2k3U] .30TO] 33 .9%]-.009| .o0130| .02 .0076F-T.81) -T7.77) .0oko} .a79R sacen
h.3m -.0250 | 0076 [=1k,50(=1k.0k| ,2190| .2847 1.09] .013| .0132| .q=21] .0075| -7.82 -T.77[ .0929} .080% . *
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8.62[ . 4| .0078|-1k,59|-1h.57( .1788 -1560F h.1§) .208| .0e33| .o030| .0072} -7.93] -T.T8| =——-| .OTEL R
- 6.72] .360| .0482}-.0169 .0075 | -7.8%| ~7.83F .0806] 0975 [
1.08( . L0027 | .00%5%[-15.50(-14.17 .z|.63 J2hmg 8.92( .k69| .0817|-.029%( .0082 | -7.8%| -7.90( .09h%| .0339 - »
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1.05| .006 88| .pofe| -7.90} -7.89| 0706 6.53| .366] . -.0622) .00ML | -7.8L| -7.5k| .0828| .137h
2.1k . s | .ooBRl -7.90[ -7.89] 0675 ' ) [ - -
| g . 0086 ggga -1.9] -7.60| .0631 57| .08| .0378) 0076} .0035| ~7.86 | 7.k .1%4eg| .1701 ermas
6.56| 212 -.000k [ . -71.92| -7.90| .0%9% 1.12| .0 .0386‘_.00235 0033 | -7.68| -7.k2| .1353| .1660 .-
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TABLE IV.- CONTINUED
(e) Tests 37 through 45
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PABLE IV.~ CONTIRUED
(£) Tests L6 through 5h
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[ ] [ ]
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16 [ -3.27-0.179] 0,048 0.036% [ <0.00031 0.08] 0.09] 0.0405] 0.0286] 50 [-3-32[-0.148]0.0155( -0.0028] -0.005df 2.95(2.95! -0.0293] -0.0206 venes
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TABIE IV.- CONTIRUED E
(g) Tests 55 through 60 =
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2.23| .084| .o172| .0ahk7( .008%4| .08|-1L.32| .oLBB] .1T27 11| .ok5| .037h| .0009! .0035| .01]-7.48| .0066] 1617
ho7( .21k| 0239 0023 | .00B1( .o7|-ih.50| .Oh2h( X 2.21( .106( .039k(-.0002| .0033|0  |-7.51]-.0019( .1510 L
6.71| .373| .0W9L(-.02k9 | .00T9| .08|-1L.5%( .0hk6| 1634 %.37| .235| .0307|-.0363| .0032{-.06|~7.56(-.0313( .1336 .
654 .373| .0735|-.0680| .0086|-~.13] 7.65|-.061k| .1070 sene
56 | =41 -.038{ .0398| .0218 | .00T7| .07|~13.99| .03kh4| .3133 , neese
56| .009| .0396{ .013h| .00Th| .0B|-13 . 3132 39 | 55| .020| .on11) .0015| .0000| .0R|-2.96| .0108| .0122 i
1.12| .o%0| .0397| .0076 | .00TL| .03|~1k.00| .0Ll70| .30&8 10| .o47| .0ui8| L0007 .o008( .02]|-2.96| .0119| .0LLO veoes
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TABLE IV.~ CONTINUED
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m...
(h) Tests 61 through 68 L
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-u81] «.99]-.000%| .006} -.000L| -.037| .0A12| -.DQ12|0 0030 -5 -.88] -. 010 | .o008( - 13|~ .0004} wmn-| ~.0080 Seens
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TABLE IV.- CONTINUED
(1) Tests 69 through 76
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TABLE IV.~ CONCLGDED
(k) Tests 85 through 88

Teat

Yo. a B Cn Ce Gy CL | Cp Cn |&
85 | 10.73]-0.39{-0.0029}0.006]0.0008 0.610 [0.1103| -0.0565|T.87
10.73! -.89| -.00hLl .o00g| .0012| .611| .1103| -.0573|7.86
10.73|-2.87| -.006%| .021| .0013| .606| .1113| -.0576|7.85
10.73|-%.86( -.0096| .03%| .0031| .603] .1126| -.C578|7.0k
-1083 i1¥9 -;C@QS - =Q-N-‘6 =8?2 - "505'?2 738’.7
10.73| .99| -.0019(-.001| .0002| .40 | 1100 -.0570[7.87
10.73| 2.97| ~.0001|-.010]-.0016]| .602 | .1093| -.0567|7.87
10.73| %.96| .co23-.022(-.0032] .603| .1105| -.0590(7.87

% 10!% _139 —.0016 .003 "-0)03 .ﬂ -1368 "-1303 7'7“’
10.50] -.89| -.0020] .005{ .0003| .579| .1358] -.1292|7.73
10.50{-2.86| -.0035| .013| .0027| .586]| .1379] -.1312|7.71
10.50 |-k.95} -.0052] .021| .0050[ 586 .1395| -.1320(7.T0

49| -.0010{-.001(~.0001| .592 | .1380| -.1323{7.75

58| ~.0005|~.003{-.00L7| 592 | .1381] -.1326{7.76

.96| .0008(-.011|-.00kk| .Bo2 | .1369| -.1333|7.T9

SOk! .0020]-.019]-.0065| .589 | .1396| -.1330(7.82

3
5EEEE BEEE
SARNEE ¥EEd

=

-.61| .oo02|-.003] .cor7{ .602| 108k -.0532

-1,11| .opok|-.002] .0019| .601]| .1079| -.0%528
-.208] .oc16l0 .0021| 597 | .1086| -.0529
~ho1| .0030| .002| .0033( .595| -1088] -.0322
10.73| .k9| -.0002|-.004| .0O11]| .600 | .1082| -.052%
10.721 .99| -.0002|-.005| .0009| .598 | .1081| -.0522
10.72| 2.97{ -.0018/-.006|~.0008| .591 { .1075( -.0509
10.72| %.96| -.0033(-.009|-.0023| .588 | .1077| -.0512
88 {10.501| -.30| 0 ~.002} .00QL]| .5T3 | .1323| -.1008
10.50|-1.00| .0005|-.001| .0005| .576 | .1327| ~.111k
10.50 [-2.97[ .0016| .002]| .0020| .576 | .1330] -.1121
10.50 |-4.94| .0029{ .006| .ook2| .573 | .1334| ~.1118
10.50| Aol -.0002{-.00k|-.0008| .583 [ .1342] -.1133
.5 .98| -.0003| ==~-|-.0015( .583 | ----| -.1137
10.50| 2.96 | ~.0012]~.007|~.0035| .581 | .13%4| -.1139
10.50 | k.92 | -,0027)-.011|-.0052| .57T | .1347| -.1230
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Figure 1.— The model mounted in the Ames 6— by 6-foot wind tumnel.
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Figure 2.— Three-view drawig of the model,
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For wing section coordinates see Table I
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Figure 3.— Details of control surfaces on the right wing
panel of the model,
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Figure 4.— Details of the vertical fail of the model.
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Figure 5.~ Voriation of the aerodynamic characieristics with iy coefficient for the basic-wing R

and modified-wing models, Reynolds number, 2.0 million (nomind). gesas



Lift coefficient, G,

4 .
O Basic wing

8
O Modiified wing
g e
6 Ao o E/ :
- y /| // /

4 b’/ - /

/ a/ /
2 /7 f
o

/,Ef '
%%

}

o 4 8 2
Angle of altack, a , deg

.04 0 =04 =08 ~=~=/2 O
Pitching-moment coefficient, Cm

(b) M =120

Figure 5— Continued.

.04 .08 N/ 4
Drag coefficient, Cp

g€

0Eresy W VOVN




Lift coefficlent, G,

Lo Basic mig

8
/l:l Modified wing
3
6
) .
s 4
N A
o
o | 9]
=2
-4 S
-4 0 4 8 12 04 0 =04 =08 =2 0 04 .08 f2

Angle of alfack, a, deg

Pifching-moment coefficient, Cp

{c) M= [70

Flgure 5.— Concluded.

Drag cosfficient, G,

0EreavY WY VOVN



e® 0880 986 OBO? eoe S8 e *e e [ X} [ .I. : .: : :
I Tttt B Mt s S L S A I R O S I
38 ...: ...: .:‘ : .:. ..t ...I L] - NACA m A52J-30
.08
//
’, \\\
o — ~
g 06 g I
A, 4
8 — ~
. 04
. P .
Sy Basic wing
R solid line
02 i
Modified wing
3 doshed line
o
4 6 8 0 724 4 16 8
Mach number
d
(a) d_:L vs M
=3
-2 1]
g \1 . 1 - L
Ol | -
b 7 Basic wing
B solid line
Modifisd wing
o < dashed line
4 6 8 0 2 4 & 8
Mach number |
d Cm
(b vs M
4 ac;
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Figure 7 — Rettionship of balance lift cosfficient to angle of altack, efevon deflection angle, ond drag
coefficient for the basic~wing model. Reynolds number, 3.2 million.
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Figure //.—The variation of the lateral stabilily characteristics
with angle of attack for the basic-wing model with
rudder and elevons undeflected Reynolds number,

32 million.
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Figure /2.-Variation of the rudder effectiveness characteristics
with angle of attack for the basic-wing model with elevons
undeflected. Reynolds number , 3.2 million.
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